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of 1 molecule of bromide of triethylphosphonium and 1 molecule of 
triethyl-vmyl-phosphonium, 

[(C 4 H,).(C 4 HJ"PJ"Br s =[(C.H„),HP]Br-|-[(C 4 H,),(C t H,)P]Br; 
I have endeavoured to split the latter in accordance with the above 
equation, but without success. 

Triethylphosphine acts with energy upon the homologues of dibro- 
mide of ethylene ; I have not yet examined, however, any of the pro- 
ducts thus obtained. Mr. W. Valentin, to whom I am indebted for 
much valuable assistance during my experiments, has found, more- 
over, that triethylarsine unites with dibromide of ethylene. He has 
not yet completed the investigation of the crystalline body which 
is generated in this reaction. 

II. " On the Different Types in the Microscopic Structure of 
the Skeleton of Osseous Fishes/' By A. Kolliker, 
Professor of Anatomy and Physiology in the University of 
Wiirzburg. Communicated by Dr. Sharpey, Sec.TLS. 
Received January 20, 1859. 

After having been occupied for several months with observations 
on the minute structure of the bones of fishes, I now take the liberty 
to present the results of my studies to the Royal Society. 

The principal fact which I have to mention is, that a great many 
genera of osseous fishes possess no bone-corpuscles, radiated or fusi- 
form, in their skeleton, and therefore no real osseous tissue. That 
there exist fish-bones without bone-corpuscles must have been long 
known in England to those who have collections of microscopic pre- 
parations of the hard tissues of animals, as Owen, Tomes, Williamson, 
Quekett, and others ; but nobody seems to have mentioned the fact 
before Williamson, Quekett, Dr. Mettenheimer of Frankfort, and 
myself*. In the year 1850 Professor Williamson pointed out the 
absence of bone-corpuscles from the bones of the Cod, Haddock, 
Perch, Plaice, Pike, and various other fish, distinguishing them in 

* Since this communication was read to the Society, Dr. Sharpey has directed 
my attention to a statement by the late Professor J. Miiller, to the effect that 
in the Pike and many other fish the bones are destitute of bone-corpuscles. 
This statement occurs in Mailer's Annual Report of the progress of Anatomical 
and Physiological Science in 1835, and is repeated in his addition to the work of 
Miescher, " De luflainmatione Ossium, eorumque Anatome. General!," Berlin, 
1830, p. 2G9, 
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this respect from the bones of the Eel, in which such corpuscles are 
abundant* ; in 1853 I made known f that the bones of Leptocephalus 
and Helmichthys contain no trace of bone-corpuscles ; a year later, 
Mettenheimer showed that the same was true of the bones of Tetra- 
gonurus Cuvieri% ; and in 1855 Quekett mentions, in the second 
volume of the ' Histological Catalogue of the College of Surgeons of 
England,' fishes belonging to eighteen genera, in the bones of which 
he had not succeeded in finding bone -corpuscles — viz. Vogmarus 
islandicus, Lophius piscatorius, Gadus morrhua, Ephippus, Spams, 
Trigla cuculus, Belone vulgaris, Pleuronectes platessa, Trachinus 
vipera, Orthagoriscus mola, Exocoetus, Scarus, Esox, Sphyrcena 
barracuda, Tetrapturus, Zeus faher, Percajluviatilis> Gobio fluvia- 
tilis. But, notwithstanding these most valuable observations, little 
or no progress seems to have been made in the more general treat- 
ment of this matter, as is best shown by the ' Comparative Histology' 
of Ley dig (1857), in which (p. 157) the Lcptocephalidte, Tetrago- 
nurus, and Orthagoriscus are the only cases mentioned, in which the 
radiated bone-corpuscles are wanting. 

On commencing a series of more extended investigations into the 
minute structure of fish-bones, in October last, I found that the 
genera which possess real osseous tissue are rather scarce, whilst, 
on the other hand, I fell in with a great many types in which the 
bones contained no trace of lacunas. And as this fact not only ap- 
peared to me of interest with regard to the development of the bones 
of fishes, but also promised to become of great value in systematic 
zoology, and in the determination of fossil remains, I devoted my 
whole time to this question. Now that I have investigated more 
than 200 species belonging to nearly all tribes of osseous fishes, and 
mounted about 500 microscopic preparations of their hard structures, 
I hope to be able to treat this question more comprehensively than 
has been possible hitherto, and in such a way as to lead to some 
general conclusions. 

In giving the results of my observations, I begin with an enumera- 
tion of the fishes which belong to the one, and those which belong 
to the other type. 

* Phil. Trans. 1851, p. 693. f Zeitschr. f. wiss. Zool. iv. p. 361. 

% Anat.-histol. Untersuch. u. d. Tetragonurm Cuvieri, in den Abh. d. Seiiken- 
berg. Gesellscbaft, i. p. 241, 



658 



I. Fishes whose bones contain no bone-corpuscles. 



Ordo I. ACANTHOPTERI, 

Fain. 1. Percoidei. 

Perca fluviatilis. 

Apogon Rex mullorum. 

Pomatomus telescopiura. 

Lucioperca sandra. 

Serranus cabrilla. 

Anthias buphthalmus. 

Acerina vulgaris. 

Centrarchus sparoides. 

Priacanthus macrophthalmns . 

Therapon servus. 

Trachinus vipera. 

Tracliinus draco. 

Uranoscopus scaber. 

Pomotis gibbosus. 

Polynernus paradiseus. 

Sphyreena spet. 

Sphyrama barracuda. 

Mullus barbatus. 
Fam. 2. Cataphracti. 

Trigla cu cuius. 

Trigla lyra. 

Prionotus carolinus. 

Platycephalus insidiator. 

Dactyloptera volitans. 

Cottus gobio, 

Aspidophorus europaeus. 

Monocentris japonicus. 

Gasterosteus trachurus, 
Fam. 3. Sparoidei incl, Mcenides. 

Sargus annularis. 

Sargus ovis. 

Chrysophrys aurata, 

Pagrus vulgaris. 

Pagellus centrodontus. 

Boops salpa. 

Boops vulgaris. 

Dentex vulgaris, 

S maris vulgaris, 

Smaris insidiator. 

Gerres Plumieri. 
Fam. 4. Scicenoidei, 



/orvma nigra. 



Corvina lobata. 
Micropogon undulatus, 
Otolithus regalis. 
Hsemulon formosurn. 
Pristipoma stridens. 

Fam. 5, Labyrinthiformes* 
Anabas scandens. 
Helostoma TemminckiL 
Ophicephalus striatus. 
Trichopus tricbopterus. 
Polyacanthus Hasseltii. 
Spirobranchus capensis, 

Fam. 6. Mugiloidei, 
Mugil cepbalus, 
Mugil, spec. 
Atherina Humboldtii. 
Atherina vulgaris. 
Atherina macrophthalma. 

Fam. 7. Notacanthini. 
Mastacemblus pancalus. 

Fam. 8. Scomberoidei* 
Scomber scomber. 
Xiphias gladius. 
Tetrapturus belone. 
Naucrates ductor. 
Lampugus pelagicus. 
Lampugus siculus. 
Seriola, spec. 
Chorinemus saltans» 
Caranx trachurus. 
Caranx carangus. 
Centrolophus pompilus, 
Lichia glauca. 
Equula insidiatrix. 
Argyreiosus vomer. 
Vomer Brownii. 
Zeus faber. 
Capros aper. 
Coryphama hippurus. 
Astrodermus guttatus. 
Tetragonurus Cuvieri. 

Fam. 9. Squamipennes. 
Scatophagus argus. 
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Holacanthus, spec. 
Toxotes jaculator. 
Ephippus faber. 

Farn. 10. T&nioidei. 
Lepidopus argyreus. 
Trichiurus haumela. 
Tracliypterus taenia. 
Trachyptems repandus, Costa. 
Tracliypterus Spinolag. 
Cepola rubescens. 

Fam. 11. Gohioidei et Cyclopteri. 
Gobius capito. 
Gobius cruentatus. 
Gobius longiradiatus, Risso. 
Amblyopus Hermannianus. 
Eleotris humeralis. 
Tripauchen vagina. 
Anarrhichas lupus. 
Lepadogaster Gouani. 
Echineis remora. 

Fam. 12. Blennioidei. 
Blennius gattorugine. 
Blennius Montagui. 
Blennius galerita. 
Salarias quadricornis. 
Cristiceps, spec. 
Clinus argenteus. 
Callionvmus lacerta. 

Fam. 13. Pedunculati. 
Lophius piscatorius. 
Chironectes histrio. 
Maltlie vespertilio. 
Batrachus tan. 

Fam. 14. Theutyes. 
Naseus longicornis. 
Acanthurus nigricans. 
Amphacanthus javus. 

Fam. 15. Fistulares. 
Fistularia tabaccaria. 
Fistularia immaculata. 
Centriscus scolopax. 
Aulostoma sinense. 
Ampbisile scutata. 

VOL. IX. 



Ordo II. Anacanthini, J. 

Fam. 1. Gadoidei. 
Gadus seglefinus. 
Gadus morrhua. 
Lota vulgaris. 
Motella tricirrhata. 
Lepidoleprus trachy rhy nchus . 

Fam. 2. Pleuronectides. 
Rhombus maximus. 
Rhombus podas. 
Platessa fiesus. 
Plaguria, spec. 
Achirus mollis. 

Fam. 3. Ophidini. 
Qphidium barbatum. 
Fierasfer imberbis. 
Ammodytes tobianus. 

Fam. 4. Leptocephalidcs^ Bp. 
Helmichthys punctatus. 
Oxystomus hyalinus. 
Leptocephalus pellucidus, Bp. 
Hyoprorus messanensis, Kbll. 

Ordo III. Pharyngognathi, J. 

Mull. 
Fam. 1. Labroidei cycloidei. 
Labrus variegatus. 
Labrus scrofa. 
Julis vulgaris. 
Julis pavo. 
Crenilabrus pavo. 
Xirichthys novacula. 
Scarus creticus. 

Fam. 2. Labroidei ctenoidei. 
Pomacentrus fuscus. 
Dascvllus araucanus. 
Heliases castaneus. 
Glyphisodon rhati. 

Fam. 3. Chromides. 
Chromis nilotica. 
Chromis surinamensis. 
Chromis, spec. 
Cichla Deppii. 

2 Y 
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Fam. 4. Scomberesoces, 
Belone vulgaris . 
Belone caudimacula, 
Tylosurus imperialism Bp, 
Sayris Camperi, 
HemirhamphuSj spec, 
Exocoetus exsiliens. 

Ordo IV. PhysostomIj J. Mull. 
Fam. 1. Siluroidei. 

Subfam. Eremophilini, Bp. 
Trichomycterus punctulatus. 

Fam. 4. Cyprinodontes* 
Poeeilia vivipara. 
Anableps tetrophthalmus. 
Cyprinodon calaritanus. 
Molienesia latipinnis. 
Orestias tseniatus. 
Fundulus nigrescens. 

Fam. 6. Esoces, 
Esox vulgaris, 
Umbra Krameri. 

Fam. 7« Galaxies. 
Galaxias truttaceus. 

Fam. 9. Scopelini. 
Saurus lacerta. 
Myetophum elongatum, Bp. 
lehthyoeoceus Poweriae, Bp. 
Gonostoma denudata, Raf, 
Argyropeleeus hemigymnus^ Cocco. 
Odontostoma Balbo. 



Fam. 10. Chauliodontid(B, Bp, 
Chauliodus setinotus, Schn. 
Stomias barbatus 3 Risso, 

Fam. 12. Heteropygii. 
Amblyopsis spelseus. 

Fam. 15. Symbranchii. 

Symbranchus marmoratus. 
Symbranchus immaculatus. 
Ampliipnous cuchia, 
Monopterus javanicus, 

Ordo V. Plectognathi, 

Fam. 1. Balistini. 
Balistes capriscus. 
Monacanthus geographicus. 
Aluteres lsevis. 
Triaeanthus brevirostris. 

Fam. 2. Ostraciontes. 
Ostraeion triqueter, 

Fam. 3. Gymnodontes. 
Diodon 3 spec. 
Tetraodon fahaea, 
Tetraodon lineatus, 
Orthagoriseus mola, 

Ordo VI. Lophobranchii. 

Syngnathus typhle. 
Hippocampus guttulatus. 
Pegasus draco. 



II. Fishes whose 
Subclassis. I. Teleostei, J. 1 

Ordo I. ACANTHOPTERI. 

Fam. 8. Scomberoidei. 
Thynnus vulgaris. 
Thynnus alalonga, 
Auxis bisus. 

Ordo IV. Physostomi. 
Fam. 1. Siluroidei. 
Silurus glanis. 
Silurus bicirrhis. 
Schilbe mystus. 



bones contain bone- corpuscles , 

Synodontis serratus. 
Malapterurus electricus. 
Malapterurus beninensis. 
Heterobranchus anguillaris. 
Chaca lopbioides. 
Plotosus unicolor. 
Clarias fuscus. 
Pimelodus 5 spec. 
Arms, spec. 
Bagrus, spec. 
CallichthySm spec. 
Loricaria catapbracta. 
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Auchenipterus furcatus, 
Heteropneustes fossilis. 
Aspredo leevis. 

Fam. 2. Cyprinoidei, 
Phoxinus Isevis. 
Cobitis barbatula. 
Aspius bipunctatus, 
Albumus lucidus. 
Gobio fluviatilis. 
Rhodius amarus* 
Cyprinus carpio. 
Abramis blicca, 
Leuciscus rutilus. 
Leuciscus tincella. 
Tinea ehrysitis. 
Barbus vulgaris. 
Barbus elongatus, 
Barbus obtusirostris. 
Barbus marginatus. 
Chondrostoma risella, Ag. 
Dangila lipocheila. 
Labeo niloticus. 
Catostomus, spec. 

Fam. 3. Characini. 
Citharinus Geoffroyi. 
Distichodus niloticus. 
Hydrocyon Forskahlii. 
Alestes dentex. 
Tetragonopterus mexicanus. 
Anodus cyprinoides. 
Leporinus, spec. 
Pacu tseniurus. 
Pacu nigricans. 
Erythrinus unitBeniatus, 
Macrodon trahira. 
Piabuca bimaculata. 
Gasteropelecus sternicla. 
Chirodon, Girard, n. spec. 
Brycon, Mull. Tr., n. spec. 

Fam. 5. Mormyri, 
Mormyrus bane. 
Mormyrops anguilloides. 
Mormyrus longipinnis. 
Mormyrus oxyrhynchus. 



Mormyrus cyprinoides. 
Mormyrus, spec. 

Fam, 8. Salmones. 

Salmo salar. 

Salmo trutta. 

Argentina silur. 
Fam. 11, Clupeini. 

Clupea barengus« 

Alosa vulgaris. 

Alosa melanura. 

Coilia Grayi. 

Engraulis encrasicholus. 

Engraulis Brownii. 

Notopterus Pallasii. 

Macrostoma angustidens, Risso 

Meletta thryssa. 

Elops saurus. 

Megalops cyprinoides,, 

Chatoessus cepedianus. 

Chatoessus punctatus. 

Gnathobolus mucronatus. 

Chirocentrus dorab. 

Pristigaster, spec. 

Lutodeira clianos. 

Butirinus macrocephalus. 

Hyodon claudulus. 

Heterotis niloticus. 

Osteoglossum Vandellii. 

Osteoglossum formosum 

Sudis gigas. 

Alepocephalus rostratus. 
Fam, 13. Mureenoidei. 

Anguilla vulgaris. 

Conger myrus. 

Ophisurus serpens. 
Nettastoma melanura. 
Sphagebranchus imberbis. 

Fam. 14. Gymnotini. 
Gymnotus electricus. 
Carapus brachyurus. 

Subclassis II. Ganoi&ei, 

Ordo I. Holostei. 

Fam. 1. Lcpidosteini. 

Lepidosteus platyrhynchus. 

2 y2 
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Fam, 2. Polypterini, 
Porypterus bichir. 

Fam. 3. Amiidm. 
Amia calva. 



Scaphyrhynchu s Rannesquii . 

Fam. 2. Spatularice. 
Spatularia folium. 

Subclassis III. Bipnoi. 

Fam. 1. Sirenoidei. 
Lepidosiren anneetens. 



Ordo II. Chondrostei. 
Fam. 1. Acipenserini. 
Acipenser nacarii. 

From these facts it follows that the osseous fishes, notwithstanding 
their great number., are separated in a very remarkable way into two 
groups, as shown in the following enumeration :— - 

Fishes with bone- corpuscles. Fishes without bone-corpuscles. 

I. All the extensive and higher- I. All the numerous tribes of the 
organized tribes of Physostomi, Acanthopteri, with the excep- 



J, Mull. ; viz. the 

Siluroidei (except Tricho- 

mycterus). 
CyprinoideL 
Characini. 
Mormyri. 
Salmones, 
Clupeini. 
Murgenoidei. 
Gymnotini. 

II. All the Ganoidez. 

III. The Sirenoidei. 

IV. Of the Acanthopteri, only the 
genus Thymus, Cuv. 



tion of the genus Thynnus. 

II. All the Anacanthini, J. Mull. 

III. The Pharyngognathi, J. Mull. 

IV. Some smaller and lower-organ- 
ized tribes of Physostomi, as the 

Cyprinodontes. 
Esoces. 
Galaxise. 
Scopelini. 

Chauliodontida, Bp. 
Heteropygii. 
Symbranchii. 
And of the Siluroids, only the genus 
Trichomycterus . 

V. The Plectognalhi. 

VI. The Lophobranchii. 

As there can be no doubt that most of the higher-organized fishes 
are amongst those with bone-corpuscles, and as we know that amongst 
the higher vertebrata, even the lowest, viz. the Perennibranchiata, 
possess real osseous tissue, it seems to follow that the peculiar dis- 
tribution of real osseous tissue and of the "osteoid" structure, as 
the osseous tissue without corpuscles may be called, has a deeper 
signification. This will be found by studying the development of 
the bones in both groups ; and I hope to be able, before long, to pre- 
sent to the Royal Society some new facts with regard to this matter 
also ; but in the mean time, until my observations are more complete, 
I must abstain from further explanation. 
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The facts exposed hitherto have had reference only to a great 
and fundamental structural difference between two extensive groups 
of osseous fishes. I may now add, that there exist also greater or 
lesser structural discrepancies amongst the different tribes of each 
group. But as this is not a suitable occasion for an exposition of 
the details of this question, I will only say this much : — -In the higher 
fishes, those with real osseous tissue, there exist differences, especially 
with regard to the form and size of the bone-corpuscles ; and I hope 
to be able to show that there are peculiar and tolerably well cha- 
racterized types of them amongst the Ganoids, Siluroids, Salmonidce, 
Cyprinoids, Clupeini, &c. In the second group there are more 
varieties. In some tribes the bones are quite structureless homo- 
geneous masses, as in the Leptocephalidce ; in others they have a 
peculiar fibrous appearance, and consist of a singular mixture of 
cartilage and osteoid structures, as Quekett first showed in the genera 
Orthagoriscus and Lophius, to which I may add some Balistini ; but 
in the great majority of the tribes of this group, the bones contain 
peculiar tubes more or less similar to those of dentine. If these 
tubes are well developed, the bones acquire a structure which can 
in no way he distinguished from that of dentine ', — a fact, which also 
did not escape the perspicacity of Quekett, who mentions its occur- 
rence in the genus Fistularia, the Barracuda Pike (Sphyrcena bar- 
racuda), and the Gar-fish (Belone vulgaris). I found the same 
structure in many other genera of this group, especially among the 
Plectognathi, Pharyngognathi, Sparidce, and Squamipennes ; but in 
the greater number this tubular structure is not so well developed, 
and is intermingled with more structureless parts. Another fact 
deserving of mention with regard to the bones of this group is, that 
there very frequently occur also structures, formed by the agglomera- 
tion of calcareous globules of different sizes, which resemble in a re- 
markable degree the lower layers of common fish-scales. 

My observations have also extended to the hard structures of the 
shin of fishes, and of the rays of the fins ; and I may say that in 
general the same laws, which apply to the structure of the endo- 
skeleion, hold good also for the exoskeleton. Evidence of this is 
especially afforded by the fins, the rays of which, independently of 
their hard or soft condition, contain bone-corpuscles in all the tribes 
where the internal bones are provided with them, whilst in the other 
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case these rays are formed of a homogeneous osteoid substance or of 
a tubular structure, which may also in some fishes, as Williamson 
first showed in the Ostracionts, assume the structure of real dentine, 
as in many Plectognaths (Triacanthus, Monacanthus, Aluteres 9 
Tetraodon, and others), and in certain Acanthopterygii (Equida, 
Ephippus, Hcemidon, Pristipoma, Scatophagies, Centrar chits). With 
regard to the skin, we may at least go so far as to say that in no fish 
whose endoskeleton is destitute of bone-corpuscles do they exist in 
the hard structures of the skin ; but, on the other hand, the tribes 
which have real osseous tissue do not all present it also in the skin. 
Scales or plates with bone-corpuscles are found amongst living 
Ganoids, e. g. in Polyp ferns, Lepidosteus, and even Amia (in whose 
scales J. Miiller erroneously supposed them to be wanting), and also 
in the Acipenserini and Spatularice ; they exist also in the fossil 
Ganoids, as the excellent observations of Williamson have shown. 
In many Ganoids, moreover, as Williamson and Quekett have 
shown, the scales often contain dentinal tubes, or even portions of 
real dentine (" Kosmine " of Williamson) amidst true bone. In 
the scales of Lepidosiren, also, I find bone-corpuscles, but mostly fusi- 
form, and only here and there having a simple stellate figure. Of 
the other fishes which have bone-corpuscles in their skeleton, little 
has hitherto been noted as to the coexistence of such corpuscles in 
their scales, but I find it to prevail to a considerable extent among 
them. The presence of bone-corpuscles has been long known, it is 
true, in the larger scales of the "corselet" of Thynnus, also in the 
dermal plates of certain Siluroids (Loricaria and Calllchthys), and 
was pointed out by J. Miiller in the scales of Sudis. Ley dig, too, 
states that true bone-corpuscles exist in the walls of the grooves and 
semicanals upon the scales of the lateral line in certain Cyprinoids 
(Carp, Tench, and Barbel). This statement I am able fully to con- 
firm, and to add the following genera in which I find the same thing 
to occur ; viz. — Hydrocyon, Alepocephalus, Macrostoma, Risso, Pia- 
huca, Serrasalmo, Xiphorhamphus, Tetragonurus, Salminus, Chal- 
cinus, Pygocentrus, Laheo, and Catostomus. But, besides the 
instance of Sudis and certain Siluroids above referred to, I find that 
many other Physostomi have true bone- corpuscles in their scales ; 
not only those of the lateral line, but all of them. From the results 
of my examinations up to this time, which, however, on account of 
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the want of materials, are by no means complete, I am able to make 
out the following list : — 

1. Characini. 

Of this family I have had the means of examining nearly all the 
genera, including forty- one species. 

Characini ivith bone-corpuscles in all their scales. 



Erythrmus unitaeniatus, Spix. 
Erythrinus microceplialus, Agass. 
Macrodon trahira, J. Mull. 
Macrodon auritus, Vol. 
Pacu tseniurus (Prochilodus tseni- 

urus, Vol.), 
Pacu nigricans, Spix. 
Pacu lineatus, Val. 
Distichodus niloticus, Mull. Tr. 
Alestes dentex, Mull. Tr. 



Anodus cyprinoides, Mull. Tr. 
Anodus edentulus, Agass. 
Anodus leucos, de Fil. 
Schizodon fasciatus, Agass. 
Chilodus punctatus, Mull. Tr. 
Rhaphiodon (Cynodon) vulpinus, 

Agass. 
Leporinus fasciatus, Mull. Tr. 
Leporinus elongatus, Vah 
Citharinus latus, Ehr. 



Characini without hone- corpuscles in their scales. 



*Hydrocion Forskahlii, Cuv. 
*Piabuca bimaculata (Hyrtl. misit). 
Gasteropelecus sternicla, Bl. 
Gasteropelecus securis, de Fil. 
Cheirodon Girard, nov. sp., de Fil. 
Brycon falcatus, Mull. Tr. 
Brycon, nov. sp., de Fil. 
Serrasahno rhombeus, Cuv. 
*Serrasalmo marginatus, Val. 
Xiphorhamphus falcatus, Mull. Tr. 
*Xiphorhamphus hepsetus, Mull.Tr. 



Mvletes rliomboidalis, Cuv. 
Tetragonurus mexicanus, de Fil. 
*Tetragonurus argenteus, Art. 
*Tetragonurus maculatus, Mull. Tr. 
*Salminus Orbignyanus, Val. 
*Chalcinus Mullen, de Fil. 
Pygocentrus nigricans, Mull. Tr. 
Epicyrtus gibbosus, Mull. Tr. 
Piabucina erythrinoides, Val. 
Exodon paradoxus, Mull. Tr. 
Leporinus, spec. 



Myletes rubripinnis, Mull. Tr. '> 

With regard to the members of the second division, it is to be 
observed, that probably in all of them the canals attached to the 
scales of the lateral line are formed of true osseous tissue ; in those 
marked with an asterisk I have found this by actual examination. 

The Characini are thus divisible into two groups, according to the 
nature of their scales ; at the same time, these are not to be regarded 
as natural divisions in other respects, and the less so as one and the 
same genus, such as Leporinus, for example, may include species 
which differ in the composition of their scales. The presence of 
corpuscles, though connected partly with the size of the scales, does 
not depend solely on this, for they may be wanting in large scales 



666 

(Hydrocyon, Chalcmus, Salminits), and present in small ones (Anodus 
edentulus, Chilodus). 

2. Mormyri. 



Morrnyrus longipennis, Rupp. 
Mormyrus oxyrhynchus. 
Mormyrus bane. 



Mormyrus cyprinoides. 
Mormyrus, spec. 
Mormyrops anguillaris. 



3. Clupeini. 



Megalops cyprinoides. 
Elops saurus. 
Coilia Grayi. 

Notopterus Pallasii (corpusc. very 
scanty). 



Butirinus macrocephalus. 
Hyodon claudulus. 
Osteoglossum Vandelii. 
Osteoglossum bicirrosum, 
Heterotis niloticus. 



The plates of the abdominal carina in many Clupeini are formed 
throughout of true bone, but do not belong to the present category. 

I am unable to find corpuscles in the scales of Lutodeira chanos 3 
Chatoessus punctatus and cepedianus, and Alosa vulgaris. In several 
Cyprinoids (Laheo, Catastomus, Barhus), I have, in like manner, 
failed to discover corpuscles in the scales proper ; on the other hand, 
I have found very distinct dentinal tubes in the scales of Barbus, at 
their hinder part. 

True osseous tissue will doubtless hereafter be found in the scales 
of many other Physosiomi which have it in their skeleton, but it is 
not to be supposed that this will apply to alL 

In the Physosiomi, as in the Ganoids, the bone-corpuscles lie in 
the lower stratum of the scale ; still they are situated above the 
fibrous layer, and immediately beneath the structureless layer, to 
which in all scales I apply the name of (c ganoin-layer," inasmuch 
as it has in all cases the same signification. 

From the foregoing observations we are able to show still more 
positively than could be done by J. Miiller, that the scales of Ganoids 
have no peculiarity of structure to distinguish them from those of 
the Teleostei. Nay, certain Ganoids, as Amia, have scales, which 
in respect even of pliancy, rounded contour, and the surface-marking of 
the ganoin-layer, agree with those of other fishes. 

In reference to those fishes which want bone-corpuscles in their 
skeleton, I have still to remark,™ 1, that the corpuscles are also inva- 
riably wanting in the semicanals upon the scales of the lateral line ; 
for what Leydig designates as rudimentary bone-corpuscles in the 
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Perch are in fact the tubules of the osteoid substance ; 2, that 
amongst the group of fishes in question, there are some which have 
beautiful dentine in their skin-bones, e. g. Amphisile scut at a and the 
Ostracionts. 

To the foregoing remarks on the microscopic structure of the hard 
tissues of fishes, I may add, that there also exists a third group of 
fishes, in which the endoskeleton is composed only of common carti- 
lage, or of cartilage with depositions of earthy salts, viz. the Cyclo- 
stomi and Selachii. None of these fishes, not even the Plagiostomi 
and Chimcera^ possess real bone- cells in their hard parts ; for these 
are formed only, as J. Muller showed many years ago, by ossified 
cartilage, that is to say, cartilage- cells in an ossified matrix. Even 
the hard spines of the fins and of the skin of these animals are not 
real bone, but dentine, as was demonstrated long since by Agassiz 
and Quekett. 

If now we sum up all that has been said, we arrive at the following 
conclusions : — 

I. There exist three types of structure in the skeleton of fishes, viz. : 

1 . Type of the Selachii. 

The skeleton is formed of cartilage or ossified cartilage. 

Selachii, Cyclostomi. 

2. Type of the Acanthopterygii. 

The skeleton is formed of a homogeneous or tubular osteoid 

substance, often of true dentine. 
Teleostei (J. MzilL), with the exception of the greater 

part of the Physostomi (J. Mull.). 

3. Type of the Ganoidei. 

The skeleton is formed of real osseous tissue. 

Most of the Physostomi, the Ganoidei, and Sirenoidei. 

II. The exoskeleton follows in some respects the same laws as the 
endoskeleton, and shows the following types : — 

1 . Exoskeleton formed of a homogeneous and fibrous osteoid 

substance. 
Scales of the majority of the Teleostei. 

2. Exoskeleton formed of dentine. 

Spines of Selachii and scales of Plectognathi, and of Amphi- 
sile, in part. 
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3. Exosheleton formed of real bone-, partly in association 
with homogeneous osteoid substance (ganoin) and 
dentinal tubes. 
Scales of Ganoidei, of Lepidosiren, some Siluroidei, of Mor- 
myri, many Characini and Clupeini, also of Thynnus* 

In terminating this communication, I think it proper to mention 
that the great liberality with which my friend Mr, Tomes of London, 
and Professor Williamson of Manchester, put their large collections of 
microscopic preparations of teeth, bones, and scales at my disposal, 
proved of great assistance in my investigations, and, accordingly, I 
am only fulfilling an agreeable duty in now publicly expressing my 
obligations to them. I am also greatly indebted to my friends Filippo 
de Filippi of Turin and Henry Miiller of Wiirzburg, also to Dr. 
Hyrtl of Vienna, and Dr. Peters of Berlin, who supplied me with 
many of the rarer Mediterranean and foreign fishes. But, in order 
that my observations may yield the results which may not unrea- 
sonably be expected from them, I need more aid ; and as England 
is the country in which not only the largest zoological collections of 
fishes, but also the greatest number of microscopic preparations of 
the hard tissues of recent and fossil animals, are to be found, I take 
the liberty to ask the possessors of such collections who may be 
interested in this matter to favour me with such specimens as may 
seem to them calculated to give to this series of observations the 
greatest possible extension. 

III. " On the Physical Phenomena of Glaciers." — Part II. By 
Dr. Tyndall, E.R.S. Received February 24, 1859. 

[Abstract.] 

The main portion of this Paper deals with the veined structure of 
glacier ice. The author refers to his observations in the Mer-de-glace 
in 1 857, and his reasons for withholding them, and visiting the glaciers 
once more in 1858. 

He describes the general aspect of the structure, and examines the 
two theories of the phenomenon which are now deserving of attention ; 
one of these considers the blue veins to be a continuation of the bed- 



